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o Brief EIC Overview
o Micropattern Basics

o Some Recent R&D Publications

o Forward/Rear Trackers
o Common GEM Design

o Unigue Assembly/Readout Designs
o Barrel Region

o Fast Compact TPCs

o Hybrid TPC Readout

o Barrel Micromegas Detector
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EIC Overview

o The EIC looks to answer questions essential for our understanding of visible matter
and to further investigate and test the theory of QCD

o EIC requires fast, low mass, high resolution, high efficiency, cost efficent tracking

o Tracking sectors can be split into two regions

EIC Conceptual 90m
design '

electrons

hadrons

Courtesy of
A. Kiselev, BNL
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EIC Overview

o The EIC looks to answer questions essential for our understanding of visible matter
and to further investigate and test the theory of QCD

o EIC requires fast, low mass, high resolution, high efficiency, cost efficent tracking

o Tracking sectors can be split into two regions

« Forward/Rear Region

+ Mid-rapidity/Barrel Region P

EIC Conceptual 90m
design '

electrons

hadrons

Courtesy of
A. Kiselev, BNL
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EIC Overview

o The EIC looks to answer questions essential for our understanding of visible matter
and to further investigate and test the theory of QCD

o EIC requires fast, low mass, high resolution, high efficiency, cost efficent tracking

o Tracking sectors can be split into two regions

- Forward/Rear Region I::> GEM Trackers
+ Mid-rapidity/Barrel Region P

EIC Conceptual 90m
design

electrons

hadrons

Forward & backward
GEM trackers

Courtesy of
A. Kiselev, BNL
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EIC Overview

o The EIC looks to answer questions essential for our understanding of visible matter
and to further investigate and test the theory of QCD

o EIC requires fast, low mass, high resolution, high efficiency, cost efficent tracking

o Tracking sectors can be split into two regions

- Forward/Rear Region I::> GEM Trackers
 Mid-rapidity/Barrel Region TPC/ Micremegas
id-rapidity g I:{> romeg

EIC Conceptual 90m
design

electrons

hadrons

Courtesy of
A. Kiselev, BNL
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Gas Electron Multipliers (GEMs) and
Micromegas (MMGs)

« Two common micropattern detectors are GEMs and MMGs

 GEMs and MMGs are based on electron multiplication via ionization

* In coming particle ionizes the gas

« The increase in the electric field in GEM holes and MMGs mesh leads
to avalanching effects

« The multiplied signal can then be readout ou

particles
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Recent R&D Publications

Florida Institute of Technology (FIT)
* Recently submitted a results of their large area (~1 m) triple-GEM
detector to NIM A for publication.
» Successfully used zig-zag readout as a means to maintain good sp
‘ atial resolution while reducing number of readout channels needed
* 0, =193 prad

NIM A 811 (2016) 30-41 Temple University (TU)

« Have been working with US company
Tech-Etch towards commercializing la
rge-area GEM foils.

* Recently published results of electrlcal

and geometrical foil quality

variable length of the U strips of top layer

NIM A 802 (2015) 10-15

University of Virgina (UVa)
» Recently published results on their large-area (~1
- m)/ light weight triple GEM detector
* The detector successfully implemented 2D stereo
-angle (U-V strips) readout
* 0,=550 um, o, =60 prad

NIM A 808 (2016) 83-92

i TEMPLE
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Recent R&D Publications

Brookhaven National Lab (BNL)

« Study position and angular resolution using a GEM detector
* Measure 2D charge location

« Use TPC configuration to measure the 3 coordinate via the charge clus
ter drift time

* Investigated different readout structures

IEEE Trans. Nucl. Sci. Yale University
(submitted)
* Investigate ways to improve the tracking and
energy resolution of a TPC Publication
« More information in a few slides! In preparation

Stony Brook University

» Testing a RICH detector for particle 1D

+ Uses 5 GEM foils as amplification device with hig
h efficiency for single photo-electons

! » Photosensitive GEM coated with Csl

IEEE Trans. Nucl. Sci. » Developing large mirror with good reflectivity in V

Vol. 62, No. 6 (2015) UV (A = 100-200 nm)
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Assembly and Readout Methods

o Three institutions: FIT, TU and UVa will each use different detector assembly
techniques to build large area triple-GEM detector prototypes.

FIT

« Mechanical stretching, no spacers in active area and allow foils to be changed
- Will use zig-zag strips for readout structure

EIC User Meeting: Jan 6-9, 2016 3%%ELE




Assembly Method: FIT

o Will use a modified CMS mechanical stretching technique

o The CMS GEM collaboration currently uses solid PCB boards for the drift and
readout boards

o The modified version will use a stack of 5 foils: 3 GEMs + 1 drift foil + 1
readout foil. Supporting structures are frames with windows (e.g. Mylar foil)

spring-loaded contact pins \ cn
Id-plated brass
(gold-pl: ) (epoxy DE156)

Courtesy of A. Zhang
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Assembly and Readout Methods

o Three institutions: FIT, TU and UVa will each use different detector assembly
techniques to build large area triple-GEM detector prototypes.

FIT

« Mechanical stretching, no spacers in active area and allow foils to be changed
- Will use zig-zag strips for readout structure

UVa

- Glue foils to frames that are held together by screws. Allows the foils to be
changed
« Will use U-V strips for readout structure
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Assembly Method: UVa

Bolts and O-ring to
seal the chamber _—

/‘“ spacers

Exploded 3D view of pRad GEM design

Before framing & Gluing After framing & Gluing

Entrance

Gas window
Cathode
Top Block:
GEM1 Entrance
window & Drift
GEM2 Framed GEM1
GEM3 Framed GEM2
Readout S Framed GEM3
support N
S Block Readout
‘\ & exit Gas
window

Gas window \‘\\

Courtesy of K. Gnanvo
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High strength material
frame (Carbon fiber or
Ceramic ...)

. Light material G10 as
) ‘~~~~___% GEM support frames

o Low material in active area
o use spacers between the foils
o Light material for GEM frames

o High strength material for
external support frames

o Bolts and o-rings to seal the
chambers

ol TEMPLE
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Assembly and Readout Methods

o Three institutions: FIT, TU and UVa will each use different detector assembly
techniques to build large area triple-GEM detector prototypes.

FIT

« Mechanical stretching, no spacers in active area and allow foils to be changed
- Will use zig-zag strips for readout structure

UVa

- Glue foils to frames that are held together by screws. Allows the foils to be
changed
« Will use U-V strips for readout structure

TU

- Glue foils to frames that are glued together. Foils can not be removed, but this
method presents the lowest material budget.
 Will use r-phi readout structure
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Assembly Method: TU

Exploded 3D View
L

Mylar entrance window

/

Cathode (HV Foil)

o Low material in active area

)

GEM 1 o use spacers between the foils

oy

7

/)
,//

4

GEM 2 o Light material for GEM frames

7
v

\
W
A
A

GEM 3 o Material budget is further minimized
by gluing the frames together (no
need for bolts or screws)

‘(
{/,

Y
)

Readout Foil

Mylar exit window
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Assembly and Readout Methods

o Three institutions: FIT, TU and UVa will each use different detector assembly
techniques to build large area triple-GEM detector prototypes.

FIT

« Mechanical stretching, no spacers in active area and allow foils to be changed
- Will use zig-zag strips for readout structure

UVa

- Glue foils to frames that are held together by screws. Allows the foils to be
changed
« Will use U-V strips for readout structure

TU

- Glue foils to frames that are glued together. Foils can not be removed, but this
method presents the lowest material budget.
 Will use r-phi readout structure

o The three groups have designed a common 1-m scale GEM foil which satisfies
the different groups assembly requirements.
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Common GEM Foil Design

Large R end o Foil width (at large R end) is limited to 560
T S R MM R SN A mm, due to material width (610 mm) and space
needed for foil production (25 mm margin)

o Active area is trapezoidal, and has a length of
903.57 mm and widths of 43 mm and 529 mm.

o Opening angle of the trapezoid is 30.1°. which
will allow for some overlap when using 12 triple-
GEM detectors to form a disk.

903.57 mm

o Active area is divided 26 sectors of ~100 cm?
per sector, with 0.1mm gaps between each of the
sectors

o 8 HV sectors in the R direction (inner R)

RN 0.1 deg. o 18 HV sectors in the azimuthal direction
PR RNl Opening (outer R)
Small Rend Rl
>

o HV connections are made from the top of the
foil (large R end)

Courtesy of A. Zhang
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Common GEM Foil Design

Large R end

| ‘

|
|||-
Ql‘LlLLJ,I,-

§J
'

903.57 mm

Assembly holes
Pads to connect HV sectors )
(for FIT use only) Cross holes for stretching

(for FIT use only)

Hole array for trace
routing, will be plugged
up with conductive glue
(for FIT use only)

] 30.1 deg.
@l Opening

Small Rend RASIAIN angle

REREY |

Protective resistor (for FIT use only)

Courtesy of A. Zhang
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Mini-Drift GEM Tracker (BNL)

Traits of Planar Tracking Detectors

o Tracking detectors need to measure a range of angles

o Multiple detectors need to be separated by some distance in

order to measure the angle \:> More material

o Position resolution typically deteriorates with increasing angle

EIC User Meeting: Jan 6-9, 2016 IEIQQEYLE



Mini-Drift GEM Tracker (BNL)

- GEM detectors provide 2D coordinate information using segmented strip or pad
readouts

 They can also be used in a TPC like configuration where the drift time of the
collected charge can be used to reconstruct the 3" coordinate

+ The Mini-Drift GEM detector was a hybrid of these two configurations

* Investigate the angular and position resolution of a reconstructed track vector
using two different readout setups

t
chae

Primary
Cherge Wy Drift Gap 16mm

=
Flu‘_tuo 10 N
Transfer 1.5mm :
Jransfer 1.5mm

Reconstructed Z-Cool
-

Induction 2mm
*
Pitch: 400 4o0um B .

"’ Preamp/Shaper 2 =

4 2 0 2 5
arXiv:1510.01747 Reconstructed X-Coordinate (mm)
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Mini-Drift GEM Tracker (BNL)

Two readouts were tested  ..xiv151001747

. . Culayer 1
S;Tﬁg:ij;ygréz ::épgsvgtsr:o —— 7 Chevron readout structure with
: . et
wide bottom strips separated by a | ¥ 4 —— 0.5mm :/U;[t(i]rlzi\i/‘[lgr? g;g()zggrr?rt\a(;trr]?jd;?nm
50 um Kapton layer , each with a : // v spacing '
pitch of 400 um. /// 7

« Typically 2D readouts are used, but require many small pads to get good spatial
resolution.

- Cheveron readouts can be used with a large pad size to obtain a resolution that
is much smaller than the pad size by exploiting the charge sharing between
interspersed electrodes
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Mini-Drift GEM Tracker (BNL)

» Si telescope detector used to find track info:
Position Resolution ~ 17um
Angular Resolution ~ 10 urad

« Compass strips show good position resolution

 ~50 um (at 0°) to ~160 um (at 45°) and ——
angular resolution ~5 mrad (0°) to ~18 mrad (45°) 2308

« Cheveron pads give position resolutions < 150 um -, Minidrift
at angles < 30° with much coarser segmentation

» Cheveron angular resolution worse than the Comp
ass strips at small angles, but become comparable
at larger angles

500 35
— Chevron (DNL-Uncorrected)
2 450 Chevron (DNL Uncorrected) e [
g 400 | —®Chevron (DNL Corrected) 2 8 30 - -8-Chevron (DNL-Corrected)
2 CaA- . £
\E, 350 Chevron (DNL Corrected, Timing Jitter Unfolded) £ 5 —o-COMPASS (Avg(xy])
c —8— COMPASS (Avg(x,y)) 5
8300 L compass (Avg(x,y), Timing litter Unfolded) 20
5250 2
g 200 g1
L TS o T S 10
o - - =}
5 100 -= 2
2 5 VA
g 5 < arXiv:1510.01747

0 0
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
Angle of Incidence (degrees) Angle of Incidence (degrees)
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Hybrid TPC Readout (Yale University)

* Two key gain parameters for a TPC are energy resolution and ion back flow
(IBF)- ions that flow back through the drift volume.

* With the ion’s drift velocity being so low (compared to electrons), they can
build up in the TPC drift volume and distort the drift field.

* The hybrid TPC readout uses 2-GEMS + MMG to try and minimize the IBF in a
TPC while keeping good energy resolution.

eRD6 Progress Report July 2015

Sreen & T o— ® Radioactive source
Cathode eSS — — — — — — — Cathode
gas gas
~8 mm E i~ 0.4 KV/om
~8 mm E4in~ 0.4 kV/em
GEM1 Eee st a e Eeea o=
= E; <4.0 kV/
B GEM2 === L _<____c_m —————— E == [ B e e e e p—p—
~4mm Eng<02kViem ™" ~2 mm E; < 4.0 kV/cm
o P kw‘/ ______ GEM 2 R e e
125um | MMG feadoutanodey F MMG™ cm mesh infrared
-k‘- ses B ~4 mm Eiq < 0.2 kV/cm o cornEon
connection . I BN | 0000 T e e e o e e ) e S o — — — ] —
R - e U ‘% 125 pm MMG readout anode ,  E, ~ 45 kV/cm
: Amplifier  ADC B | Ethernet |
Energy Resolution Pre-Amplifier ‘ _l connection
¥ / -%
IinuxPC_‘ Il}—— é R . —
lon Back Flow s | et
ground 10 MQ _I connection
Energy resolution setup lon Back Flow setup -%

linux PC
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Hybrid TPC Readout: 2-GEM + MMG (Yale University)

* Energy resolution for 55Fe x-ray vs.

IBF f : lon Back Flow Results
or various gases

« Each curve represents a gas 15:_ .................. .................. ...................... V90%Ne+10%C02 ................... .............

. = : 90 parts Ne + 10 parts CO,
L . :.
mixture n : - - +5partsN2 -

* Points along a particular curve are
for different MMG voltages, where
the GEM voltages were varied to
keep the overall gain at ~2000

Sigma / Mean, %

+ Results show it is possible to obtain
IBF flow below 0.5% while s : : ; ; ;
maintaining a good energy 0 o1 o0z 03 04 05 06
resolution (better than 14%)

eRD6 Progress Report July 2015
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TPC Cherenkov Detector (BNL/SBU)
TPC-Cherenkov Detector

* Develop a compact fast TPC using GEM readout detectors, that works with
Cherenkov gases.

- Low mass tracking, multiple space point measurements, particle ID via dE/dx, and
detection of Cherenkov light

« Csl GEM detector would allow for electron ID/ hadron rejection.

Csl Readout Plane

« Concept previously designed for sPHENIX

Csl Photocathode

I\ / W
2x35cm sy \
) \

\ 20cm

\
N,

Readout Pads

C. Woody EIC Tracking R&D Workshop, Temple University, 5/19/15

ol TEMPLE
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TPC Cherenkov Detector (BNL/SBU)

TPC-Cherenkov Detector

 Develop a compact fast TPC using GEM readout detectors, that works with
Cherenkov gases.

- Low mass tracking, multiple space point measurements, particle ID via dE/dx, and

detection of Cherenkov light
« Csl GEM detector would be essentially hadron blind, allowing for electron ID/ hadron

rejection.
TPC GEM Moveable Csl GEM HV Connection

3 Sided Field
Cage Foil

Transparent Window

. ¥ TEMPLE
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TPC Cherenkov Detector (BNL/SBU)

* Electric field distortions due to photosensitive GEM and wire plane of the field
cage typically below 1% with Cherenkov mesh 15 mm from wire plane

eRD6 Progress Report July 2015

Blectrostatic Vector Sum, Deviation from Nominal Dt (%) Electrostatic Vecior Sum, Deviation fom Nominal Doft (%)

08
06
04
-0
0
04
08
08
140
™

No Cherenkov mesh Cherenkov mesh 15 mm
from wire plane

Orit Distance 10 TPC Mesh fmm)
£ g z g

<c
Ot Dstance 10 TRPC Mash (mes)
s 2 2 8

0 W00 120

* Field cage has been tested to its full operating voltage of 1 kV/cm, and exhibited
no sparking or break down problems.
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TPC Cherenkov Detector (BNL/SBU)

* The TPC GEM was configured into a mini-drift detector and tested with cosmic
rays and x-ray source.

* Drift gap was 16 mm and used 2 mm x 10 mm chevron strips with a 0.5 mm zig-
zag pitch for charge readout.

* Using highly collimated x-ray source yeilded a position resolution of 98 um (132
um) after correcting (not correcting) for non-linearity of the chevron pads
Reconstructed track from cosmic

rays with GEMs configured as a Position Resolution
mini-drift detector Global Residual Universal N Pad Correction

==== Uncorrected

2000

=== Uncorrected Fit

14 1800

1600 ===-- Corrected
12

1400 == Corrected Fit

10

Reconstructed Z-Coordinate (mm)

'fII|III|III|III|III|IIIIIIIlIIIlIIIlIIIlIII

o
IIII‘I\\l\l\‘l\\l\\l‘ll\l\\l

1200

\ 3 1000 uncorrected: 132 um
800 corrected: 98 um
600

4 400
200

b v b Lo b Ly o STATETETIN ERTETA R

-30 -29.5 -29 -28.5 -28 =275 -27 -26.5 0 L

— 1 1 1 e
-400 -200 0 200 400 600
Centroid Residual (um)

&f
o
o

Reconstructed X-Coordinate (mm)

eRD6 Progress Report July 2015
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Barrel MMG (Saclay/TU)

- Use resistive MMGs technology to build curved
barrel detector in place of a TPC

« Tracking layers are formed by using cylindrical
shells of increasing size (spanning ~10 - 60 cm)
- Allows for low material alternative to using a TPC

* Idea validated with CLAS12
« Transition to resistive technology > no measurable

sparking .
active area
connectors
Mesh support pllar g;s_i;tm?:/s:;p Embedded resistor Resistive Strip darea
15-45 MQ 5mm long 0.5-5 MQ/cm Self-
............................... su staining
I BN BN BN BN BN BN BN B B .
carbon

= structure gas infout through

\ Copper Strip \ \

Insulator 0.15 mm x 100 mm GND Copper readout strip carbon structure

0.15 mm x 100 mm
Resistive MMG 120° section

T. Alexopoulos et al.,
Nucl. Instrum. Meth.
AB40 (2011) 110.

Maxine Vandenbroucke - EIC Meeting 2015

i TEMPLE
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Barrel MMG (Saclay/TU)

« 1152 *"C" strips e 768 "1" strips

*  Pitch from 0.67 t0 0.33 mm * 225 mm radius, 0.529 mm pitch
221 mm radius + PCB thickness 200 um

+ PCB thickness 100 um «  Drift thickness 250 um

»  Drift thickness 250 um «  Drift Field 2.4kV on 3 mm gap

«  Drift Field 2.4kV on 3 mm gap +  0.37% of X0

Maxine Vandenbroucke - EIC Meeting 2015
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Barrel MMGs Structure Stability

» 3D probing machined used to measure
geometric points
« 270 points measured on top (drift side)
» 120 points measured under (readout side)
« Cylindrical geometry precision of up to ~2mm in radius for Z-barrel

EIC User Meeting: Jan 6-9, 2016 g TEMPLE
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Barrel MMG (Saclay/TU)

« Cosmic ray measurement results

Z-Barrel
arre C-Barrel
— 500 Efficiency - CR6C_2
E : =250 - 1
‘o 400} E 200 0.9
» 150 08
300} 100/ 07
H 50 06
200~ 0.5
E 0.4
100 03
i 0.2
o ) 0.1
0

25050 200 150 100 50 0 50 100 150 200 250 °
X[mm]

96.5% Efficient 98% Efficient

» Both detectors showed good efficiency ( >95%)
« Spatial resolution better than 200 um
« Timing resolution around 25 ns

eRD3 Progress Report June 2015
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o The EIC gas tracking community is very active in developing gas trackers for potentia
| use in an EIC

o There are many institutions involved in the R&D efforts: BNL, FIT, Saclay, SBU, TU,
UVa, Yale

o Tracking solutions are being investigated for both the mid and forward/backward rapi
dities, in an effort to provide fast, low mass, high resolution, and high efficiency detec
tors.

o Some highlighted R&D efforts:

1. Planar GEM detectors are being investigated to be used for track reconstruction, mo
mentum measurements, and charge separation.

2. Good track vector reconstruction was achieved through the use of a mini drift GEM
detector.

3. Study the possibility of using a hybrid TPC-Cherenkov detector to gain additional PID
from a TPC tracker

4. Look into using GEMs + MMG to try and reduce IBF from a TPC

5. Investigate replacing a TPC with a series of MMG barrel detectors

o Thank you! And a special thanks to the eRD3 and eRD6 consortium
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Mini-Drift GEM Tracker (BNL)

* Time slice method uses centroid found in each time bin
and central time value of each time bin to fit a vector in the
drift gap

Charge distr. over Pads per Time Bin, Event 52 Charge Spread per Time Bin: 17
wif3d_tbdist_Evt_52 Qspd_tb_14
e - i T e s = —
3000—<= e ————— oL Mean S Sus0— s
3 R e . | Meany St k- RIS,
2500_;" o s . | RMSx 3.611 4000— Constan
E —— . |[RMSy 2.797 gﬂi:a"
O N e e 3500 —
E I ) ; 5 - 3000 —
1000— - 5 I,l | Il | -
ERUIN | N S T 2500 —
. | Il | |
S .I 2000 —
(>
y 1500 —
6 1000 —
8
500—
% g 10
t set to zero]

More information found in arXiv:1510.01747
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Dream-APV Chip Comparison

FPGA card
+8 DREAM
+ PC

EIC User Meeting: Jan 6-9, 2016

Dream Chip APV25-S1 Chip
Number of channels 64 128
Memory size 512 160
Latency 16us 8us
Noise (e-RMS) 2100 (On 180pF) 1200 (On 20pF)
Sampling frequency 1-40MHz 10-50MHz
Dynamic range 50-600fC 150fC
Input capacitance 150pF 18pF
Shaping time 70ns 50ns
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